Spontaneous formation of macroscopic aggregates of yeast cells is termed flocculation. Many papers have been written on the subject (for reviews see Comrie, 1952, Gilliland, 1957 
of 5 x 106 stationary-phase yeast cells from a 24 h. static culture in the same medium in a tightly capped McCartney bottle. Cultures were shaken on a rotatory shaker at 150 rev./min. at 32 "; the generation time was 120 min.
RESULTS A N D DISCUSSION
Flocculation, operationally defined as the formation of aggregates consisting of more than 10 organisms, occurred only during the stationary growth phase. Observed with a microscope, the first flocs appeared 2 to 3 h. after the end of logarithmic growth. Maximum flocculation was attained within 5 to 10 h., when flocs contained 25 to 35 % of the population. The largest floc contained up to 106 organisms. Static cultures, such as those used for inocula, did not flocculate even when incubated for weeks, provided they remained largely anaerobic. Organisms grown in a medium containing (per 1.) 5 g. yeast extract (Difco) + 30 g. glucose, static or shaken, never flocculated.
Formation of flocs was not due to failure of daughter organisms to separate after fission. An hour or two before flocculation, aggregates consisting of more than 10 organisms were never observed. Moreover, separation of pairs and larger aggregates by ultrasonic treatment at the end of logarithmic growth did not prevent subsequent flocculation.
Flocs were stable to dilution in deionized water and could be separated from free (non-flocculated) organisms by differential sedimentation. A flocculated culture was transferred to a 15 ml. tapered centrifuge tube and allowed to stand undisturbed for 5 min. at room temperature. The flocs settled to the bottom of the tube, whereas free organisms remained in the supernatant fluid which could then be decanted from the flocs or sampled in situ for counting with a haemocytometer. Flocs were purified by repeated sedimentation in deionized water. Free organisms separated from flocs during the time of maximum flocculation could not be induced to flocculate among themselves when shaken in their own medium and thus were considered to be noninduced or incompetent.
That flocs were stable in deionized water indicates that no special component of spent medium sustained floc formation. Addition of uninoculated medium, or of 248 Short communication spent medium separated from logarithmically growing cultures, to purified flocs did not cause deflocculation. This observation indicates that the failure of growing organisms to flocculate was not due to the presence of a deflocculating agent in the medium. The effect of temperature on the stability of flocs in deionized water is shown in Fig. I . A 10 ml. suspension of purified flocs in a tapered centrifuge tube was incubated in a water bath, and the temperature of the bath was raised I O every 5 min. Counts of free organisms were made as follows. The tube was withdrawn, inverted five times, and returned to the bath to remain undisturbed until sampled. At the end of 5 min., the supernatant fluid was sampled for counting, 10 mm. below the liquid surface. Only organisms in groups of 10 or less were counted. Purified flocs were stable to 50 O ; higher temperatures caused deflocculation, which was complete at 80 O and above. The temperature at which half the floc population deflocculated was 61 O. A roughly similar value has been reported for brewer's yeast (Mill, 1964) .
Deflocculation by heat was reversible. When a tube of heat-deflocculated organisms was allowed to stand undisturbed at room temperature, organisms slowly reflocculated. The time taken for half the population to reflocculate (R,) was 10 to 15 h. Continuous gentle agitation shortened R, values to an hour or so. Addition of 0.1 M salt, such as NaCl or CaCl,, decreased the R, value to a few minutes.
Calcium ions have been directly implicated in the flocculation of brewer's yeast (Mill, 1964 ) and in other cell-aggregating systems (for a review, see Curtis, 1967) . I
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found no evidence that Ca2+ were directly involved in flocculation of this fission yeast Schizosaccharomyces pombe. The stability of purified flocs in deionized water and the ineffectiveness of EDTA (pH 8) as a deflocculating agent are evidence against the involvement of Ca2+. Moreover, repeated washing of deflocculated organisms with deionized water did not inhibit subsequent reflocculation. Furthermore, the use of salts to increase the rate of reflocculation could be obviated by packing the organisms by centrifugation. Then, upon resuspension, the organisms were seen to have reflocculated. Incompetent organisms sedimented in a centrifuge did not flocculate. Because the population of free organisms could be determined from a sample of the supernatant fluid, and the total population estimated after deflocculation, it was possible to calculate the number of flocculated organisms in a culture without isolating the flocs. A culture whose population of free organisms had been sampled was deflocculated at 90". After cooling to room temperature, it was sampled for a total count. The number of organisms in flocs was then equivalent to the total population determined after deflocculation minus the free organism population determined after standing for 5 min. and before deflocculation.
Incubation of purified flocs in 3 M-guanidinium chloride or in 5 M-urea caused complete deflocculation, an observation that has been made with brewer's yeast (Mill, I 964). Removal of either reagent led to instantaneous reflocculation. Sodium dodecyl sulphate also caused reversible, but very slow, deflocculation. In contrast, deflocculation by trypsin or papain was irreversible, in the same sense that the effect of neither reagent could be removed by washing. The use of proteolytic enzymes as disaggregating agents for brewer's yeast (Eddy, 1958) and other cell-aggregating systems (for a review, see Curtis, 1967 ) is well known. Sugars, reported to cause deflocculation of brewer's yeast (Eddy, 1955 ; Mill, 1964) were ineffective even at concentrations as high as 50 yo (w/v) . High concentrations of NaCl were likewise ineffective.
Since heat-killed organisms reflocculated, incompetent organisms and organisms in flocs were separately ruptured by means of a Braun cell homogenizer. The envelopes were separated from cellular debris and whole organisms by differential centrifugation and washed repeatedly with deionized water. Envelopes derived from organisms in flocs flocculated ; those from incompetent organisms did not. Thus whatever forces were involved in floc formation must have been associated with the envelopes.
Reflocculation of organisms reversibly deflocculated by any of the ways described above showed significant hysteresis. The highest reflocculation value observed was 95 70. 
